Purpose: To review a single-center experience over a 27-year period of managing uterine carcinosarcoma (UCS), focusing on surgical practice, adjuvant therapy and clinical outcome. Material and Methods: This was a retrospective study of women with histologically proven UCS treated at the Department of Obstetrics and Gynecology, University of Tübingen, Germany, between 1983 and 2010. Inpatient and outpatient records were reviewed; follow-up and survival data were ascertained.
Results: The study population comprised 18 patients with UCS. Primary surgical treatment consisted of total abdominal hysterectomy in 12 patients (67 %) and laparoscopic total hysterectomy in 4 patients (22%). Bilateral salpingo-oophorectomy was performed in 94 % of patients (17/18) . Lymph nodes were evaluated in 15 patients (83 %). Positive pelvic lymph nodes were present in 2 patients (11 %) . A total of 17 patients (94 %) received adjuvant therapy. Disease recurred in 7 (39 %) patients of our study group, with no recurrence noted in the 4 patients who underwent laparoscopic surgical staging. Median disease-free survival (DFS) was 48.7 months (95 % CI: 0.0-157.3) and median overall survival (OS) was 49.9 months (95% CI: 0.0-108.2). The 5-year survival rate was 40%. Conclusion: UCS is a rare and aggressive uterine neoplasm with high recurrence rates and metastatic potential. Surgical staging consisting of total hysterectomy with bilateral salpingo-oophorectomy and systematic lymphadenectomy is the most important treatment for patients with UCS. Adjuvant radiation therapy appears to decrease pelvic recurrence, but there is a high incidence of distant recurrence, indicating the need for additional systemic treatment. 
Clinical Characteristics, Surgical Management and Adjuvant Therapy of Patients with Uterine Carcinosarcoma: A Retrospective Case Series
Introduction ! Uterine carcinosarcoma (UCS), also known as malignant mixed mesodermal tumor or malignant mixed mullerian tumors (MMMT), is an extremely rare and very aggressive uterine neoplasm. UCS accounts for less than 5% of all uterine malignancies but is responsible for 15% of all deaths caused by uterine malignancies [1] . UCS is composed of both epithelial and mesenchymal elements [1] . UCS was previously considered to behave like a sarcoma, but recent molecular and genetic data have suggested that the epithelial component of the UCS is the primary driver of tumor aggressiveness and these rare neoplasms are now grouped with endometrial carcinoma [1] . This has led to a revision in sarcoma staging, with leiomyosarcoma and endometrial stromal tumor assigned a separate and distinct staging system and UCS grouped with endometrial carcinomas [2] . UCS usually develops in postmenopausal women; commonly reported symptoms of UCS include abnormal uterine bleeding, bloody/watery vaginal discharge, abdominal pain, and the presence of a pelvic mass [3] . Known epidemiological risk factors for the development of UCS are increased estrogen levels (especially exogenous exposure), obesity, nulliparity, and ethnicity [3] . Black women have a higher risk of developing UCS and lower survival rates compared to white women [4] . Prolonged tamoxifen use and a history of pelvic irradiation have also been associated with the development of UCS [1, [5] [6] [7] . The initial treatment recommended for early-stage UCS is surgical staging, defined as hysterectomy, bilateral salpingo-oophorectomy and systematic lymphadenectomy. In patients with newly diagnosed advanced-stage UCS, cytoreductive surgery with complete gross resection was found to improve overall survival (OS) [8] . Data on adjuvant chemotherapy and/or radiation therapy for UCS are limited and often conflicting. Recently, the German Society of Obstetrics and Gynecology issued an evidence-based guideline on the appropriate management of these heterogeneous tumors [9] . The 2010 National Comprehensive Cancer Network (NCCN) guidelines recommend adjuvant treatment for all stages of UCS, except for stage IA disease [10] . The optimal chemotherapeutic regimen is, however, still debated. Adjuvant pelvic radiation therapy has been shown to decrease the risk of pelvic recurrence and delay metastasis; however, the increased rate of distant recurrence associated with disease progression underlines the need for systemic therapy [1] . Given the rarity of UCS and of uterine sarcomas in general, attempts to conduct prospective trials in order to improve therapy regimens and develop disease-specific (surgical and adjuvant) and individualized management strategies have been challenging. Accordingly, in the absence of prospective data, there is a continued need to review past practice. Thus, we previously published our experience of managing uterine leiomyosarcoma and endometrial stromal tumors [11, 12] . The aim of the present study was to review our experience in the management of UCS, focusing on surgical and adjuvant treatment strategies and clinical outcomes.
Material and Methods

!
Study design and identification of the patient cohort
This was a retrospective study conducted in the Department of Obstetrics and Gynecology of the University of Tübingen, Germany. Using the institutional databases of the clinical cancer registry of the Comprehensive Cancer Center (CCC) Tübingen, we identified all women included in the registry between January 1st, 1983 and January 31st, 2010 with a diagnosis of either "UCS", "malignant mixed mesodermal tumor" or "malignant mixed mullerian tumor (MMMT)" as their final diagnosis. Diagnoses of the identified UCS cases were compared manually with the pathology reports; the sources agreed in 18 of 19 (95 %) cases. Only histologically confirmed cases were analyzed. One case was excluded because histology resulted in a diagnosis of leiomyosarcoma of the uterus. Thus, the study group comprised 18 patients with a diagnosis of UCS. A retrospective review of both inpatient and outpatient medical records (from the Department of Obstetrics and Gynecology, University of Tübingen) was performed to identify sociodemographic and anthropometric variables and to confirm intraoperative and pathology findings. Data on adjuvant treatment was recorded. The clinical cancer registry of the CCC Tübingen provided the data on follow-up and survival. Time to disease recurrence and death or time to last contact were calculated. Premenopausal status was defined as the occurrence of at least one menstrual period within 12 months before surgery. Adjuvant treatment was administered to selected patients based on decisions taken by the tumor board. We assessed the disease stage retrospectively for every patient using the 2009 International Federation of Gynecology and Obstetrics (FIGO) staging system [13] .
Statistical analysis
Data were coded and entered into an Excel spreadsheet version 2007 (Microsoft, Redmond, Washington DC, USA). Statistical analysis was carried out using JMP for Windows version 8.0 (SAS Institute Cary, NC, USA) and Prism 5 (GraphPad Software, La Jolla, CA, USA). Means and standard deviations (SD) are reported for continuous variables and frequency counts and percentages for categorical variables. Survival curves were generated using the Kaplan-Meier method. Calculation of disease-free survival (DFS): no follow-up data was available for 9 patients; 2 patients had no disease recurrence at last follow-up and 7 patients had disease recurrence. Calculation of overall survival: no followup data was available for 7 patients; 3 patients were recorded as alive at last follow-up and 8 patients had died of UCS.
Results
!
Characteristics of the study cohort
The study sample comprised 18 patients with UCS who underwent treatment at our institution. A total of 9 cases treated between January 1st, 1983 and December 31st, 1999 were identified; a further 9 women who underwent treatment for UCS between January 1st, 2000 and January 31st, 2010 were identified. The median follow-up for survivors was 115.7 months. Patient characteristics are summarized in l " Table 1 . The mean age was 65.0 years (range 48-83). At the time of primary surgery, 83 % of the patients were postmenopausal. Abnormal uterine bleeding was the most common presenting symptom and was reported in 56% of the patients. 11 % of patients reported abdominal pain, a pelvic mass was described in 28% of the patients, and 28% of the patients reported both abdominal pain and abnormal bleeding as presenting symptoms (l " Table 1 ). There were 10 patients (56 %) with FIGO stage I, 2 patients (11 %) with stage II, 2 patients (11%) with stage III, and 4 patients (22 %) with stage IV disease. Distribution by grade showed 4 patients (22 %) with grade 1 disease, 3 patients (17 %) with grade 2 disease, 10 patients (56%) with grade 3 disease, and one patient with grade 4 disease (6%). Lymphovascular invasion was present in 4 (22 %) cases. Tumor markers were evaluated in 14 women and were found to be elevated in 4 women (22%). CA 125 was elevated in 3 patients and CEA and CA 19-9 in one patient (data not shown).
Surgery and adjuvant treatment
Primary surgical treatment consisted of total abdominal hysterectomy in 12 patients (67%) and laparoscopic total hysterectomy in 4 patients (22%). Bilateral salpingo-oophorectomy (BSO) was performed in 94% of patients (17/18) . Lymph nodes were evaluated in 15 patients (83 %); 6 patients underwent pelvic lymphadenectomy and 9 patients underwent pelvic and para-aortic lymphadenectomy (l " Table 1 ). Positive pelvic lymph nodes were present in 2 patients (11%); one patient (6 %) had positive pelvic and para-aortic lymph nodes. A total of 17 patients (94%) received adjuvant therapy (l " Table 1 ). Of those patients, 2 patients received adjuvant chemotherapy. Adjuvant radiation therapy was administered to 8 patients (44 %) and 7 patients (39%) received combined adjuvant radiation therapy and chemotherapy (l " Table 1 ). Chemotherapy regimens consisted of ifosfamide, doxorubicin, non-pegylated liposomal doxorubicin, cisplatin, carboplatin, gemcitabine and paclitaxel; the administered chemotherapy regimen was not on record for 3 patients.
Disease recurrence and survival analysis
Seven (39 %) patients in our study group had disease recurrence. No trocar recurrence occurred in the 4 patients who underwent laparoscopic surgical staging. The median follow-up for the two survivors who underwent laparoscopic surgery was 67.7 months. Three women had pelvic recurrence, 3 women had distant recurrence, and 1 patient had both pelvic and distant recurrence. The sites of recurrence included the vagina, pelvis, lungs, bone, retroperitoneum and brain. l " Table 2 gives an overview of the patients with disease recurrence (l " Table 2 ). Disease-free survival (DFS) and overall survival (OS) of patients with UCS are shown in l " Figs. 1 and 2 . Median DFS in our study group was 48.7 months (95% CI: 0.0-157.3), and median OS was 49.9 months (95% CI: 0.0-108.2) (l " Fig. 1 and Fig. 2 , respectively). The 5-year survival rate was 40 % for all patients.
Discussion
! UCS are a rare and very aggressive subtype of uterine malignancy. Due to the rarity of the disease, there are no high-level evidencebased guidelines on the therapeutic management of this entity.
Hence, there is a need for individual centers to report even retrospective data on the surgical management, adjuvant treatment, and clinical outcome of patients with this disease. The present study reviewed the experience of our department in managing UCS over a period of three decades. Our findings are consistent with previously reported five-year survival rates for UCS, which are reported to range from 33 to 39 % [1, 14] . Interestingly, in our case series, the OS was not significantly longer compared to the DFS. A possible explanation for this rather paradoxical finding could be the fact that 2 patients died within 2 months of their initial UCS diagnosis; thus, these patients actually died of primary and not of recurrent disease. The initial treatment recommended for UCS is surgical staging for early-stage disease, with cytoreduction proposed for advancedstage disease. Absence of primary surgical staging and/or incomplete cytoreduction have been shown to be independent prognostic factors for survival [8] . Because of the small numbers of patients, the optimal approach for the surgical staging of UCS has not been the focus of recent scientific appraisal. Very few patients with UCS (41 of 2489 patients, representing 1.6 % of the study population) were eligible for inclusion in the Gynecologic Oncology Group (GOG) LAP2 study [15] . The authors of that study showed that comprehensive staging of uterine cancers can be performed laparoscopically with only a small difference in recurrence rates [15] . Three of four presumed trocar site recurrences occurred in patients with advanced disease [15] . Similarly, we observed no recurrence in 4 patients (22 %) of our study group with early-stage disease staged laparoscopically. Laparoscopic surgical staging can therefore be considered in selected patients with UCS [1] . Nevertheless, these findings on the laparoscopic staging of UCS have to be interpreted with caution due to the limited number of patients and warrant future investigation. Lymph node metastasis is much more common in patients with UCS compared to patients with uterine leiomyosarcoma or patients with endometrial stromal tumor [14] . Thus, lymphadenectomy is mandatory for the management of patients with UCS to improve surgical staging and allow a better selection of patients for adjuvant treatment. The majority of patients (83 %) included in the present study underwent systematic lymphadenectomy. Nevertheless, the exact role and extent of lymphadenectomy in patients with UCS remains controversial. Some studies have reported no survival benefit from systematic lymphadenectomy in patients with UCS. However, the largest retrospective study to date by Nemani et al. evaluated the effects of lymphadenectomy in patients with UCS using Surveillance, Epidemiology, and End Results (SEER) data and reported that lymphadenectomy led to a significant improvement in overall survival for patients with UCS compared to patients who did not have lymphadenectomy [16, 17] . The survival advantage was maintained regardless of whether patients who did not undergo lymphadenectomy received adjuvant radiation therapy or not [16] . However, the number of total lymph nodes removed (< 12 vs. ≥ 12), irrespective of whether they were positive or negative, was not predictive for overall survival, calling into question the idea that improved survival is based on the therapeutic value of lymphadenectomy. Moreover, the data presented in the study did not provide information on adjuvant chemotherapy, thus removing a potential confounder from the data analysis [18] .
In contrast, Temkin et al. found in a smaller retrospective study that the number of resected lymph nodes was the only risk factor correlated with recurrence and survival in patients with UCS [19] . They concluded that lymphadenectomy is crucial in patients with UCS to discover occult metastatic disease and potentially provide patients with a therapeutic benefit [19] . A new concept for the surgical staging of UCS was reported in a recent study by the Memorial Sloan Kettering Cancer Center, which suggested that progression-free survival in patients with UCS who undergo sentinel lymph node mapping with additional adjuvant therapy was similar to that of patients treated with systematic lymphadenectomy and additional adjuvant therapy [18] . However, given the fact that the experience with sentinel lymph node mapping, particularly for this disease, is limited and still at an early stage, additional prospective studies are needed to confirm the results and analyze the impact on overall survival for patients with UCS. The adjuvant therapy administered to the patients in our study consisted of different chemotherapy regimens and different adjuvant therapy approaches (radiation therapy alone versus combined chemotherapy/radiation therapy). This can be explained by the fact that patients were treated over a period which spanned 3 decades. But the results also highlight the ongoing debate about the optimal adjuvant therapy for women with UCS. In general, multimodal treatment is recommended and should be considered at all stages of disease because of the aggressive nature of UCS [1] . Initially, adjuvant chemotherapy strategies for UCS included only single agents, resulting in a wide range of response rates from 7-36 %, with ifosfamide showing the best response rate [3] . Subsequently, phase II and III studies looked at combination therapies with ifosfamide and reported a survival benefit [1, 3] . A recent Cochrane review found that women with advanced-stage UCS who received combination chemotherapy which included ifosfamide had a lower risk of death and disease progression than women who received ifosfamide alone [20] . Nevertheless, given the high toxicity profile and complex administration schedule of ifosfamide the search for regimens with lower toxicity continues. The results of the GOG 261 study (NCT00954174), a randomized phase III trial of paclitaxel plus carboplatin versus ifosfamide plus paclitaxel in chemotherapy-naive patients with UCS, are eagerly awaited [21] . Several new targeted therapy compounds [aflibercept, AP23573 (mTOR inhibitor), imatinib, iniparib, pazobanib, sorafenib] have also been evaluated for the treatment of UCS, either as single agents or in combination chemotherapy regimens; however, the overall tumor response rates and achieved survival rates were poor [22] [23] [24] [25] [26] [27] . Most studies on radiation therapy in patients with UCS report an improvement in pelvic control [28, 29] . However, radiation therapy does not seem to confer a survival benefit [10] . A previous SEER data-based study by Wright et al. showed that radiation therapy reduced mortality rates in patients with UCS who had not undergone lymphadenectomy but had only a minimal effect on survival in node-negative women [30] . In contrast to this study, other studies have reported a survival benefit from lymphadenectomy alone but no survival benefit from radiation therapy with or without lymphadenectomy [1, 16] . In the European Organisation for Research and Treatment of Cancer Gynaecological Cancer Group Study (protocol 55874), patients with uterine sarcoma stage I and II were randomized to either observation or pelvic radiation [30] . The study showed no difference in either overall or disease-free survival but reported increased local control for patients with UCS who received radiation therapy [31] . In conclusion, adjuvant radiation therapy appears to decrease pelvic recurrence in patients with UCS, but high rates of distant recurrence remain, indicating the need for additional systemic treatment [1] . The major limitations of our study are its retrospective design and the small number of patients with UCS. However, the study benefits from the long follow-up of patients and the assessment of their clinical characteristics. Prospective studies with larger cohorts and longer follow-up times could provide new prognostic factors to predict the prognosis of patients with UCS and improve our understanding of the pathogenesis of this very rare disease. Future studies should incorporate multiple institutions, address the role of sentinel lymph node mapping and systemic lymphadenectomy, consider patient selection criteria, and evaluate adjuvant therapy regimens (chemotherapy, radiation therapy) including targeted therapy compounds and the optimal sequencing of regimens to treat UCS.
Conclusions for Practice
! UCS is a rare and very aggressive subtype of uterine malignancy. The initial treatment recommended for early-stage UCS is surgical staging, defined as hysterectomy, bilateral salpingo-oophorectomy and systematic lymphadenectomy. Cytoreductive surgery with complete gross resection should be considered for newly diagnosed, advanced-stage UCS. Recommended adjuvant therapy consists of combination chemotherapy with or without radiation therapy and should be considered for all stages of disease because of the aggressive nature of UCS.
